This study analyses potential associations between day-to-day variations in common ragweed pollen counts in the southern Hungarian district of Szeged and meteorological variables using adapted factor analysis. The database includes ten years (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006) worth of data on daily common ragweed pollen ratios (value on the given day per value on the day before) and daily differences (value on the given day minus value on the day before) in eight meteorological variables (mean temperature, minimum temperature, maximum temperature, temperature range, irradiance, relative humidity, wind speed, and rainfall) over the ragweed pollen season. This method is new, as it has only been applied in the economics. In factor analysis it is advisable to combine all the weights of the factors and the resultant variable into one factor indicating the rank of importance of the given explanatory variables in infl uencing the resultant variable, while the remaining factors are uncorrelated with the resultant variable. The procedure shows that wind speed, rainfall, and temperature range are the most important, while minimum temperature and irradiance are the least important meteorological variables infl uencing daily pollen ratios. We found a tendency to stronger associations between the meteorological variables and the pollen variable when the pollen ratio was 1 or below. This is due to the fact that data corresponding to the pollen ratio over 1 come mainly from the prepeak pollen season, while data corresponding to less than 1 are characteristic of the post-peak pollen season (late summer to early autumn).
Air pollution, as a major and ever increasing environmental hazard, is associated with increased cost of health insurance (1) . The prevalence of allergic respiratory diseases has also increased extensively over the last three decades (2) . Historical records have demonstrated that the prevalence of allergic rhinitis and allergic asthma have signifi cantly increased over the past two centuries (3) . Although the reasons for this increase are not entirely clear, epidemiological data suggest that particular pollutants produced by burning fossil fuels may have played a substantial role in increasing this prevalence (3) .
Pollen allergy has become a widespread disease by the end of the 20 th century. Around 20 % of the general population in Europe suffers from this immune system disorder (4) . Hungary is exposed to one of the most severe air pollutions in Europe (5); in addition, airborne pollen levels here are also high. The Carpathian basin, which includes Hungary (Figure 1) , is considered the most polluted region with airborne ragweed (Ambrosia artemisiifolia) pollen in Europe (6) (7) (8) (9) (10) . Ragweed in Hungary discharges the most pollen of all taxa (11, 12) . In Szeged in the southern Hungary, the ratio of its pollen release compared to the total pollen release in the late summer is around 60 % to 71 % (13) . The highest counts on peak days in Szeged are about one order of magnitude higher than those over other cities in Europe (14) . The prevalence of sensitivity to ragweed in Szeged is 83.7 % (15). Ragweed-related allergy and asthma have become the dominant health issue in Hungary over the past few decades (16, 17) . Recently, 20 % of the total population suffers from allergic diseases and for one-third of these patients may also suffer from asthma (18) . In 60 % to 90 % of patients pollen allergy is ragweed-related (19) . The number of patients with registered allergic diseases has doubled over the last 40 years, and the number of patients with allergic asthma has quadrupled in the southern Hungary by the late 1990s (12) .
Knowledge of the association between daily ragweed pollen concentrations and daily meteorological parameters may have a great practical importance. Applying simple statistical analysis, several studies have detected signifi cant positive correlations of daily ragweed pollen counts with daily maximum temperature (20) , daily mean temperature (6, 7, (21) (22) (23) , daily mean wind speed (23) , and daily maximum wind speed (22) and signifi cant negative correlations with relative humidity (21) (22) (23) and rainfall (7, 23, 24) . Furthermore, Ziska et al. (25) established that the association between higher temperatures and higher ragweed pollen counts was stronger in urban than in rural locations. Wind direction analysis has shown that either long-range transport or local sources could play an important role in ragweed pollen concentrations (20, 23) .
However, meteorological elements affect pollen concentration not by means of their individual values but through their interrelationships (26) . This is why it could be useful to study the association between daily ragweed pollen concentrations with daily values of meteorological parameters as a whole. Only a few papers have reported results of this kind of approach, using multivariate statistical analysis. They generally defi ne the most homogeneous groups as objective classes of meteorological parameters (27-30) using factor and cluster analyses to associate them with a given pollen variable.
The aim of this study was to determine possible reasons for day-to-day variations in ragweed pollen counts for Szeged in view of meteorological parameters. For this purpose, we used factor analysis with special transformation of daily meteorological and ragweed pollen data to establish the strength of associations between meteorological (explanatory) variables and ragweed pollen ratio (resultant) variable. Factor analysis with special transformation is a procedure that has not yet been applied for studying this kind of relationships. The city is the centre of the Szeged region with 203,000 inhabitants. According to the Köppen system, the climate in Szeged is of the Ca type (warm temperate climate) with relatively mild and short winters and hot summers (31) . Airborne ragweed pollen content was measured using a 7-day recording "Hirst-type" volumetric trap (32) Our database includes ten years (1997 to 2006) of daily ratios of ragweed pollen counts (A -a value on the given day per value on the day before) and daily differences (a value on the given day minus the value on the day before) of eight meteorological variables (mean temperature, minimum temperature, maximum temperature, temperature range, irradiance, relative humidity, wind speed, and rainfall) over the ragweed pollen season (15 July to 16 October) (Figure 2) .
MATERIALS AND METHODS
The Ambrosia genus has only one species, Ambrosia artemisiifolia (common ragweed) in the Szeged region. It is present both in the city and in the countryside. Ragweed is particularly common in the west of the town. The prevailing northwest wind can easily transport pollen into the city. Since in the sandy region northwest of Szeged, stubble stripping is not necessary for ground-clearance due to the mechanical properties of sandy soils, ragweed can spread unchecked. Furthermore, due to newly-built motorways around Szeged several farmlands have remained uncultivated, which also favours the spread of ragweed.
For the start and the end of the season we used the fi rst and the last date on which at least one pollen grain per cubic metre of air was recorded for at least fi ve consecutive days (33) . Evidently, the pollen season varies from year to year. For our analysis we used the absolute longest observed pollen season over the tenyear period even if the remaining years had either remarkably late start or early end.
For each day of the analysis, daily differences in meteorological variables were paired with the daily ratios of ragweed pollen counts (A). Three data sets were subjected to an analysis: (1) the total data set, (2) those daily differences in meteorological variables for which A≤1, and (3) those for which A>1. Days falling in respective data sets were classifi ed into four categories: (a) rainy day preceded by a rainy day; (b) rainy day preceded by a dry day; (c) dry day preceded by a rainy day; and (d) dry day preceded by a dry day.
Factor analysis with special transformation
Factor analysis identifies linear relationships between subsets of variables, and this helps to reduce the dimensionality of the initial database without substantial loss of information. We started with a dataset consisting of eight variables (seven meteorological parameters as explanatory variables and daily ratios of ragweed pollen counts as the resultant variable) in order to reduce the original number of variables. The newly combined variables (called factors) can explain the behaviour of meteorological and ragweed pollen variables. The optimum number of retained factors can be determined using different statistical criteria (34) . The most common and widely accepted criterion is setting the lowest percentage (80 %) of total variance in the original variables (35) . After factor analysis, we transformed the retained factors to see to what degree the explanatory variables affected the resultant variable and to rank their infl uence (36) . In factor analysis of standardised variables the received factor loadings are the correlation coeffi cients between the original variables and the factors. Consequently, if the resultant variable strongly correlates with a factor (if a factor has high factor loading at the place of the resultant variable), and an infl uencing variable highly correlates with the factor, then the infl uencing variable also highly correlates with the resultant variable. Therefore, it is advisable to combine all the weights of the factors into one factor. This can done by rotating the factors. As a result of the rotation, factor loadings will be very close to either 0 or 1. In this way we can more easily determine to which group of variables an individual factors belongs to. There are different rotation techniques. We use varimax rotation that produces uncorrelated factors after factor rotation. It is useful to rotate the factors so that only one factor has a great load on the resultant variable and the remaining factors are uncorrelated with the resultant variable (35) . This procedure is called special transformation.
RESULTS AND DISCUSSION

Factor analysis with special transformation
In the total set, factor analysis yielded four factors for category (a), fi ve for category (b), four for category (c), and four for category (d) ( Table 1 ). In the data set with A≤1, it yielded four factors in category (a), fi ve in category (b), three in category (c), and four in category (d) ( Table 2 ). In the data set A>1, four factors were retained for each category (Table 3) . In order to rank the importance of the explanatory (meteorological) variables for the resultant variable (daily ratios of ragweed pollen counts), loadings of the retained factors were projected onto Factor 1 (the one that has the greatest load on the resultant variable) for all twelve factor analyses with the special transformation (Tables 1-3 
) (36).
We analysed only the relationships between the meteorological and pollen variables that were signifi cant at 10 %, 5 %, and 1 % probability levels. In the total data set (Table 1) , rainfall (R), maximum temperature (T max ), mean temperature (T mean ), and temperature range (ΔT) were the most important variables for category (a) with a proportional correlation with daily ratios of ragweed pollen counts. At the same time, wind speed (V) showed a weak inverse correlation with the resultant variable. For category (b), rainfall (R) and wind speed (V) were the only relevant meteorological parameters, both influencing inversely the resultant variable. For category (c), there were no signifi cant explanatory variables, while for category (d) only relative humidity (RH) showed a signifi cant inverse correlation with daily pollen ratios.
In the data set A≤1 (Table 2) , rainfall (R) and wind speed (V) showed proportional, while temperature range (ΔT) and mean temperature (T mean ) showed inverse correlation with the resultant variable for category (a). Wind speed (V) was the only signifi cant parameter for category (b), with a positive correlation with daily pollen ratios. For category (c) signifi cant inverse correlation was found for wind speed (V) and minimum temperature (T mean ), while temperature range (ΔT) and maximum temperature (T max ) showed a positive correlation with the resultant variable. For category (d), mean temperature (T mean ), maximum temperature (T max ), relative humidity (RH), and temperature range (ΔT) showed signifi cant inverse correlation, while irradiance (I) and wind speed (V) positive correlation with the resultant variable.
In the data set A>1 (Table 3) , the resultant variable positively correlated with rainfall (R) for category (a), while for category (b) it inversely correlated with rainfall (R) and wind speed (V) as the most important variables. For category (c), temperature range (ΔT) showed negative, while minimum temperature (T mean ) showed positive correlation with the resultant variable. For category (d), irradiance (I) and relative humidity (RH) were the most important variables, infl uencing inversely daily pollen ratios.
Variable ranking
Rainfall (R) is one of the fi rst two most important meteorological parameters for all three data sets, except for category (b) of the A≤1 dataset (Table 2) . For category (a) rainfall positively correlates with daily pollen ratios in all three data sets (Table 1-3) . Rainfall generally stimulates pollen production, but this is not an immediate effect. Increased rainfall results in a higher biomass that leads to higher pollen concentration. For category (b) in the total data set ( Table 1 ) and in the data set A>1 (Table 3) rainfall is in inverse correlation with daily pollen ratios. This association can be explained by the immediate washout effect; air pollen content drops sharply after rainfall (23, 37, 38) . Another reason may be that rainfall is accompanied by a temperature drop, which slows down plant metabolism (39) ( Table 1; Table 3 ). However, this association is not direct. Pollen release depends on the dehiscence of the fl owers, which in turn is linked to meteorological conditions, relative humidity in particular. Experimental studies on excised ragweed fl owers and whole plants confi rmed that the opening of fl owers can be controlled by regulating temperature and relative humidity. Lower temperature slows down or inhibits extension of anthers while higher humidity delays or stops the opening of pollen sacs (40) . The role of rainfall in daily pollen counts is not clear. Fornaciari et al. (41) and Galán et al. (42) fi nd it complex because intense rain can lower pollen count. Fornaciari et al. (41) obtained the best correlation by comparing pollen concentrations of Urticaceae and meteorological parameters on dry days. Ragweed pollen count negatively correlated with rainfall in several studies (7, 23, 24, 37, 43) , but Bartkova-Scevkova (21) found no statistically signifi cant association.
The importance of mean temperature (T mean ) in our study varied between data sets and categories (Tables  1-3) . For category (a) in the total data set ( Table 1) it was in positive, while for categories (a) and (d) in the data set A≤1 (Table 2) it was in inverse correlation with daily pollen ratios. If humidity is favourable, an increase in mean temperature (T mean ), if it is not too far from its optimum value, can accelerate vegetative and hence generative functions, which can increase airborne pollen concentrations [ Table 1 , category (a)] (21, 23, 45) . If humidity is low, an excessive increase in mean temperature (T mean ) can inhibit pollination, as the plant seeks to preserve water to maintain its vegetative life functions in contrast to the generative functions (39) . This is why mean temperature (T mean ) showed inverse correlation with daily ratios of ragweed pollen counts for categories (a) and (d) ( Table  2) .
Minimum temperature (T min ) was relevant for category (c), inverse in the data set A≤1 (Table 2) and positive in the data set A>1 (Table 3 ). The reason for the inverse relationship is that if preceding day is rainy, rainfall can lower temperature early in the morning. On the other hand, the reason for the positive correlation may be that low minimum temperature can inhibit ragweed pollen release as it slows down life functions (Table 3) .
Maximum temperature (T max ) significantly correlated with daily pollen ratios for category (a) in the total data set (Table 1) . However, it was in proportional and inverse correlation with the resultant variable for categories (c) and (d) in the data sets A≤1, respectively ( Table 2 ). The proportional relationship may be explained as follows: anthers dehisce and release pollen when anther sacs walls dehydrate (44) , which is facilitated by higher maximum temperatures. This association may not be valid on a dry day preceded by a dry day [category (d) in the data set with A≤1; Table 2 ]. In the summer, extremely high maximum temperatures may limit pollen release as water defi ciency can prompt the plant to preserve the remaining water and stop releasing pollen.
Temperature range (DT) is in a signifi cant positive correlation with the daily ratios of ragweed pollen counts for category (a) in the total data set ( Table 1) and for category (c) in the data set A≤1 (Table 2 ). In the same data set, this variable showed an inverse correlation for categories (a) and (d) ( Table 2 ). The same is true for category (c) in the data set A>1 ( Table  3 ). The reason for inverse correlation is that very low temperatures slow down plant metabolism and pollen release, while extremely high temperatures force the plant to preserve water, which also lowers pollen release. Accordingly, the greater the temperature range (DT), the lower the pollen count.
Irradiance (I) showed positive correlation with daily ragweed pollen ratios for category (d) in the data set A≤1 (Table 2 ) and negative correlation in the data set A>1 (Table 3 ). The positive correlation is due to the fact that irradiance favours vegetative processes important for releasing pollen. Inverse correlation may be owed to extremely high irradiance (I) that increases mean temperature (T mean ), forcing the plant to limit its functions on preserving water (39) .
Relative humidity (RH) was inversely associated with daily pollen ratios for category (c) in all three data sets (Tables 1-3 ). In general, pollen shedding is associated with shrinkage and rupture of anther walls at low relative humidity (44) . Hence, relative humidity is inversely associated with pollen release (21, 45) . Furthermore, humid air makes pollen grains stick together, which in turn contributes to the inverse association (23) .
Wind speed (V) showed inverse correlation with daily ragweed pollen ratios for categories (a) and (b) in the total data set (Table 1) , for all categories in the data set A>1 (Table 3) , and for category (c) in the data set A≤1 (Table 2) . Correlation was positive for categories (a), (b), and (d) in the data set A≤1 (Table  2) . When analysing the role of wind speed one should take into account its physical properties (39) , plant physiology (39) , and the range of pollen transport (46) . Wind can hinder sticking of pollen grains (46) , and higher speeds increase evapotranspiration, forcing the plant to preserve water at the expense of pollination.
Long-range pollen transport may also have a substantial effect on local pollen counts (46). Gioulekas et al. (45) , Kasprzyk (23) , and Hernández-Ceballos et al. (38) reported positive association between wind speed and daily pollen ratios. However, if mean temperature (T max ) favours ragweed pollen release, then wind may take away locally released pollen and bring a smaller amount of pollen from far away to the local environment. Extremely high mean temperature (T max ) may signifi cantly reduce available water and limit pollen release. In this case, wind may bring a greater amount of pollen from far away than the amount of locally released pollen.
CONCLUSIONS
Our factor analysis with special transformation has singled out wind speed (V), rainfall (R), and temperature range (ΔT) as the most important parameters for daily ratios of ragweed pollen counts. In contrast, minimum temperature (T min ) and irradiance (I) were the least important meteorological variables infl uencing the resultant variable. After dividing the total data set in two groups, we established stronger associations between meteorological variables and the pollen ratio in the data set A≤1 (Table 2 ) than A>1 (Table 3 ). This is due to the fact that A>1 data mainly correspond to the pre-peak pollen season, while A≤1 data mainly correspond to the post-peak pollen season. Weather conditions during early autumn are not optimal for ragweed pollen release. Additionally, although particular meteorological parameters might favour pollen release, the association might be inverse if the pollen season is nearing its end, and plants are fl owering less. This is may be the main reason for the differences between the two datasets. 
